A cross-sectional study of children in West Kalimantan, Indonesia, was conducted to examine the relationship between malnutrition history, child IQ, school attendance, socioeconomic status, parental education and parental IQ. In unadjusted analyses, severely stunted children had significantly lower IQ scores than mild-moderately stunted children. This effect was significant when stunting, school attendance and parental education were included in multivariable models but was attenuated when parental IQ was included. Our research underscores the importance of accounting for parental IQ as a critical covariate when modeling the association between childhood stunting and IQ.
Introduction
Better understanding the complex relationship between IQ, nutrition, schooling, and parental effects is essential to design public health interventions that will benefit at-risk children. Elucidating the effect of malnutrition on cognitive development has remained difficult, due to covarying risk factors and the inability to perform randomized controlled studies (Grantham-McGregor, 1995) . A number of studies have shown a small long-term negative effect of malnutrition on IQ after adjusting for socioeconomic factors and education (Freeman et al, 1980; Galler et al, 1983 Galler et al, , 1990 Rose, 1994; Mendez & Adair, 1999; Ivanovic et al, 2000 Ivanovic et al, , 2004 Berkman et al, 2002; Jianghong et al, 2003) . However, these studies have not controlled for parental IQ. Our study examined the relationship between malnutrition (as marked by stunting) and IQ at age 7-8 y old while controlling for both standard covariates and parental IQ.
Methods
The study was conducted in July-August 1999 in 22 Bidayuh villages in Bengkayang regency, West Kalimantan, Indonesia that participated in a public health project coordinated through Bethesda Hospital. During monthly visits by health workers, children under the age of 5 y were weighed and immunized. Children whose weight-for-age z-scores were oÀ3 were identified by the program as 'low-weight'. All 'low-weight' children born in 1991 were selected for the study. Children (same age and village) that had not been identified as 'low-weight' were randomly selected for comparison. Stunting for all children at the age of 7-8 y was used as an indicator of cumulative prior nutritional status (de Onis et al, 1993) . Standing height was measured with a steel tape by two observers and height-for-age-z-scores (HAZ) calculated. All of the children in the study were stunted to some degree and were classified into severely stunted (HAZrÀ3) and mild-moderately stunted (HAZ4À3). The mild-moderately stunted children served as controls. Stunting status was highly associated with prior 'low weight' status (w 2 ¼ 23.1, P ¼ o0.0001).
Parental and child IQ was measured with the Test of Nonverbal Intelligence -third revision (TONI-3, Brown et al, 1982) in the child's home by the first author and an assistant who were blinded to stunting class. TONI-3 is highly correlated with the WISC-R (Harrington, 1985; Whorton & Morgan, 1990 ) but uses abstract symbols that make it less culturally biased (Harrington, 1985) . Mean parental IQ was calculated using both Parental IQ score if available, otherwise one parent's score was used (parental correlation:
The child's schooling was classified as present or absent. Parental education was recorded as either the mean of both parents' grade-level achieved, or one parent's level (parental correlation: r ¼ 0.70). Individual parental scores are also given in unadjusted analyses. An income-equivalent was estimated from rice production, livestock owned, rubber trees tapped, and other sources. Houses were categorized (four levels) by size and construction materials. Other potential influences on development were recorded (household members, nursing length, primary caregiver, TV viewing, illness, and travel).
Correlation and w 2 unadjusted analysis were used to compare stunting classes. For non-normally distributed variables (parental IQ and income) comparisons were repeated with nonparametric analyses and results were consistent. Random effects models (Cnaan et al, 1997) were used to compare IQs between stunting class, while accounting for potential confounders and the correlation of subjects within villages. The first model included variables that were associated (P ¼ 0.05) with TONI-3 IQ scores in bivariate analyses (schooling and parental education) and have generally been used in studies examining malnutrition and cognitive development. The second added parental IQ. Analyses were conducted using JMP and SAS (2001). The Yale Human Investigation Committee approved the study.
Results
Of 104 subjects eligible for the study, 92 were contacted (88%). In all, 92% of the children completed the IQ test. IQ did not significantly vary by gender. Table 1 describes the sample. In analyses that account only for the clustering of subjects within villages, severely stunted children had significantly lower IQs than the mild-moderately stunted children; (b ¼ À2.8; s.e.(b) ¼ 0.9, P ¼ 0.004, Table 2 ). School attendance, parental education and parental IQ were positively associated with IQ (Table 2) . Income, house type, and developmental variables were not significantly associated. One multivariable model included stunting, school attendance, and parental education while accounting for clustering in villages. Stunting was a significant predictor of IQ scores when these standard variables were included (b ¼ À2.2; s.e.(b) ¼ 1.0, P ¼ 0.03, Table 2 ). However, in a model that also included parental IQ, stunting status was no longer significantly associated with cognitive skills (b ¼ À1.2; s.e.(b) ¼ 0.1, P ¼ 0.26, Table 2 ). When the first multivariable model was run excluding the children without parental IQ measured, the effect of stunting was borderline significant (b ¼ À1.6; s.e.(b) ¼ 0.1, P ¼ 0.12).
Discussion
We observed that parental IQ, a variable rarely measured in studies of cognitive development in children, is strongly associated with child IQ and nutritional status. When parental IQ was included in a multivariable analysis the association between malnutrition and IQ was no longer significant. While the current study is limited in its sample Table 2 Relationship between TONI-3 IQ scores and stunting, schooling, and parental factors (results from random effects regression models) size, it suggests the need for a re-evaluation of studies that have shown an association between malnutrition and cognitive development but have not considered parental IQ as a critical covariate (Freeman et al, 1980; Galler et al, 1983 Galler et al, , 1990 Rose, 1994; Mendez & Adair, 1999; Walka and Pollitt, 2000; Berkman et al, 2002 , Jianghong et al, 2003 . Poor parental cognitive skills were associated with lower IQs in their children, more malnutrition and less schooling. While genetics are likely a factor, environmental influences are also clearly playing a role. Impaired parental cognitive skills (possibly from their own history of malnutrition and lack of education) may lead to less food availability and less emphasis on intellectual stimulation in their children (Grantham-McGregor et al, 1991) . Interestingly, intellectual stimulation has been shown to influence not only cognitive development but also physical growth (Super et al, 1990 ). There are multiple interaction effects that may be playing a role, although our sample size was not adequate to address these. Our study suggests that vulnerable families need targeted interventions to encourage schooling and prevent malnutrition so that these risk factors are not perpetuated through the generations.
